Abstract. Predation pressure on nests of ground-nesting birds was examined experimentally by offering predators artificial nests with small, white chicken eggs in three adjacent habitats: marsh, wet meadow, and upland thicket. In each habitat, 40 nests with eggs were distributed in three go-x 80-m quadrats according to random, uniform, and clumped distribution patterns and nests were examined for predation on days 5 and 10. In three sets of experiments during which each quadrat in each habitat received all nest distribution treatments, predation rates were highest in the upland thicket, intermediate in the wet meadow, and generally low in the marsh. The pattern of nest distribution consistently affected predation rates in the upland thicket only, where the uniform distribution resulted in lower predation. In the upland thicket many predators were responsible for high predation and unpredictable predation patterns which presumably favor spacing out (uniform nest distribution) in this habitat. In contrast, low predation in the marsh, resulting from exclusion of many predators, appears to be unimportant in determining spatial distribution of marshnesting birds.
INTRODUCTION
The evolution of avian reproductive strategies has presumably been driven by different temporal and spatial patterns of distribution of food (e.g., Horn 1968 ) and by the form and intensity ofpredation on adults and their nests (e.g., Kruuk 1964 , Lack 1968 , Riclclefs 1969 . The effects of predation on avian reproductive strategies are complex and depend on a number of factors affecting predator-prey relationships such as prey defense, diversity and abundance of predators, the type of cues predators use to find prey, and temporal predictability of predation patterns.
Two main types of antipredation strategies may be favored. First, if prey cannot defend itself against predators, there should be selection for predator avoidance adaptations. These include concealment of the nest and its contents, spacing out that increases camouflage of nesting activities and breeding at inaccessible sites or in safer habperimental data on the effect of different spatial patterns of distribution of nests on predation within as well as between habitats. Such information is important because it directly examines the effectiveness of spacing strategies of birds in a given area with respect to predation pressures, and it should help us to understand habitat selection. Thus, the purpose of this study was (1) to establish the relative importance of predation on clutches of ground-nesting birds occurring in three adjacent habitats: marsh, wet meadow, and upland thicket, and (2) to determine the effect of uniform, random, and clumped nest distributions on predation rates in the three habitats. In each habitat three 80-x 80-m quadrats were established. Yellow flagging tape tied to vegetation was used to mark corners of 20-x 20-m squares within these quadrats. Each quadrat was separated from the nearest quadrat by at least 20 m. In each of the three quadrats 40 nests were distributed according to the uniform, random, or clumped pattern ( Fig. 1 ; the predetermined spacing patterns were confirmed statistically using the quadrat sampling technique; see Zar 1984) . In cases of random and clumped nest distributions, the minimum distance between the nearest nests was 1 m. The actual location of nests was determined by estimating their position within 20-x 20-m quadrats and by the availability of suitable vegetation (an attempt was made to conceal the nests as much as possible). To control for possible differences between quadrats within habitats, the patterns of nest distribution were interchanged between quadrats so that each quadrat received all three nest distribution treatments (i.e., this experiment was con-1-1-i-i B.
METHODS

This study was conducted in June and
C. ducted three times in all habitats). The time period between the end and start of subsequent sets of this experiment was 5 days.
The nests (about 20 cm in diameter and 5 cm high) were built of dry grass in the wet meadow and upland thicket and of dry cattail leaves in the marsh. These nests were placed directly on the ground or in cattail at the water level. One extra small chicken egg was placed in each nest in a small depression.
To reduce the likelihood of nest discovery by predators due to frequent visits by researchers, all nests were examined for predation only twice, 5 and 10 days after their introduction. When a depredated nest was encountered, notes were taken on its appearance and its location was recorded on a map of the study area. Following the check on day 10, all nests and remaining eggs were removed. Fresh eggs were used for subsequent experiments.
RESULTS
THE APPEARANCE OF DEPREDATED NESTS
Two major signs of predation were the presence of pieces of eggshell of various sizes and disappearance of the whole egg. In the marsh, pieces of shell were found on or near the nests in the majority (92%) of cases of predation (in 8% of cases the whole egg disappeared). This sign of predation was also common in the wet meadow (77% of predation cases), but the complete disappearance of an egg was also common, accounting for 23% of all cases of predation. In a total of 42 cases of depredated nests in the wet meadow (all in the last experiment) a predator dug out a hole in or near (within 0.5 m) the nest. These holes were 5 to 10 cm in diameter and 5 to 15 cm deep. In the upland thicket most (54%) depredated eggs were removed by predators, and in the remaining cases (46%) broken eggs with holes of various sizes (sometimes with part of their contents) or pieces of eggshell were found on or near the nests. Differences in the appearance of depredated nests thus indicate that different predators operate in the marsh and upland habitats.
THE EFFECT OF HABITAT ON PREDATION
When data for the three series of experiments and all distribution patterns are pooled, predation rates on the experimental eggs differ significantly between the three habitats (Table 1) . Checks 5 and 10 days after the start of the experiments showed that the highest egg losses occurred in the upland thicket, the intermediate losses in the wet meadow, and the marsh quadrats suffered the lowest predation. Differences in Note: Statistical comparison of predation rates in the three habitats: After 5 days: x' = 166.2; df = 2; P < 0.001. After 10 days: x2 = 255.9; df = 2; P < 0.001. predation rates between the three habitats were highly significant (P < 0.001) for both 5-and IO-day checks.
THE EFFECT OF SPATIAL DISTRIBUTION OF NESTS ON PREDATION
In the marsh, on the fifth day, the egg-predation rates were higher when nests were clumped (Table 2). However, on day 10, predation rates were similar for all nest-distribution patterns (Table  2 ). In the wet meadow, predation rates were significantly different for the three nest-distribution patterns on day 5 (lower for random than for uniform and clumped distributions), but were not significantly different on day 10 (Table 2) . Finally, in the upland thicket quadrats, the uniformly distributed nests suffered significantly lower predation than those with random and clumped nest distributions on days 5 and 10 (Table 2).
THE EFFECT OF TIME ON PREDATION
The necessity of conducting the experiments at three different times might have introduced a bias due to changing predation pressures. In addition, habituation by predators to the experimental nests with eggs available in a given habitat over a longer period of time might result in increased predation rates during experiments conducted later. I tested this by combining data from quadrats with different distributions of nests and comparing predation rates within individual habitats in the three consecutive series of experiments. In all three habitats predation rates during the three series of experiments differed significantly for checks after 5 and 10 days (Table  3 ). In the wet meadow there was the same, systematic seasonal trend for checks on days 5 and 10 indicating that predation rates gradually increased with time (Table 3 ). In the upland thicket predation rates peaked during the second experiment for both checks. In contrast, in the marsh, nest-predation rates followed different seasonal patterns during the two checks (Table 3) .
THE EFFECT OF LOCATION WITHIN A HABITAT ON PREDATION
In any given habitat predation might also be site specific due to differences between experimental quadrats in vegetation structure, local predators and their densities, and other features that might affect nest predation. To test this, I combined (Table 4) . Therefore, in these habitats, quadrat location did not play an important role. In the marsh, however, according to both checks one quadrat lost significantly more eggs to predators than the other two (Table 4) .
DISCUSSION
Results of this study suggest that nest predation rates are consistently lower in the marsh and higher in the adjacent upland habitats. This is presumably due to the fact that the three habitats differ greatly in the accessibility of nests to different predators. Picman 1987) . In this study I offered predators artificial nests with quail eggs and found that raccoons, Procyon lotor, and, in shallow water, weasels, Mustela sp., were responsible for almost all egg losses (Picman, unpubl. data). Low predation in this marsh relative to adjacent upland habitats is consistent with the finding that ducks that nest over water have higher reproductive success than those which nest on land (Nice 1957). In the upland thicket, nests were exposed to many terrestrial and avian predators such as raccoons, weasels, red foxes, Vulpes vulpes, skunks, Mephitis mephitis, cats, Felix domesticus, Herring Gulls, Lams argentatus, American Crows, Corvus brachyrhynchos, and Blue Jays, Cyanocitta cristata, which were all present in or near the study area. These and other predators were previously implicated by many other authors (e.g., TABLE 4. The effect of location of quadrats within a habitat on predation rates (% and in parentheses no. depredated eggs) on experimental eggs. For individual quadrats, data from the three series of experiments with different nest distributions were combined. A total of 120 eggs was offered to predators in each quadrat. The wet meadow was originally partially protected against terrestrial predators by up to 25 cm deep pools of water scattered through it. Presumably for this reason predation in this habitat was more similar to the marsh than to the upland thicket. However, later when these pools dried up, nests in this habitat became more vulnerable to all terrestrial predators operating in the upland and this presumably resulted in higher predation. The camera study of predation on quail eggs conducted in 1986 in a nearby old field showed that skunks, Mephitis mephitis, and Eastern Meadowlarks, Sturnella magna, were the most important predators (Picman, unpubl. data). However, in addition to these predators, Herring Gulls, Northern Harriers, Circus cyaneus, American Crows, and mink were also observed on or near the experimental quadrats in 1983.
The proposition that different predators were operating in the three habitats is also supported by different appearance of depredated nests in these habitats. Differences in the number of predators operating in the three habitats could, thus, explain the lowest level of nest predation in the marsh and consistently the highest predation levels in the upland thicket. Janzen (1978) , who examined predation on eggs of ground-nesting birds in Costa Rica, concluded that the rate of disappearance of eggs from experimental nests was lowest in the swamp, highest in the deciduous forest, and intermediate in the rain forest. Results of his and my experiments from tropical and temperate zones, respectively, suggest that marshes and swamps may generally provide better protection against many predators. However, Ricklefs (1969) concluded that, of all temperate zone passerines, the marshnesting species suffer the highest nest mortality rates. These contradictory conclusions could be explained by different predation rates on nests of passerines and other, larger species of birds that breed in marshes. For example, in North American marshes, Marsh Wrens (Cistothorus palustris) and Sedge Wrens (Cistothorus platensis) may be responsible for much of nesting mortality of other small, co-occurring birds (Picman 1977, Picman and Picman 1980) . On the other hand, wrens cannot break larger eggs and, thus, other predators such as mink and raccoon must be involved in predation on nests of larger species. Therefore, predation by small passerines can be excluded from this study. In addition, Ricklefs (1969) did not take into consideration differences in behavior and ecology between species breeding in different habitats which are likely to affect their reproductive success. This view is supported by data on Red-winged Blackbirds that show that populations nesting in marshes are more successful than those from adjacent uplands (e.g., Robertson 1972).
As indicated by both checks, the spatial distribution of nests had a systematic effect on predation in the upland thicket only, where uniform distribution and, thus, spacing out consistently resulted in lower predation rates (Table 2 ). In contrast, the type of nest distribution did not affect predation rates in the wet meadow and marsh quadrats on day 10. Significant differences in predation rates between various nest spacing patterns on day 5 could be explained by random patterns of predation in habitats with small predator diversity and generally low predation rates over a short period of time. For this reason data from day 10 should better reflect the long-term value of different nest spacing patterns in these two habitats.
Different types of predators present in the three habitats could also explain different effects of nest-distribution patterns on predation rates. The presence of many avian and terrestrial predators in the upland thicket resulting in relatively unpredictable predation patterns is likely to prevent the evolution of any specific antipredator strategies. Intense and relatively unpredictable predation should favor more generalized strategies such as camouflage of nesting activities through spacing out and concealment of nests. On the other hand, generally predictable predation patterns resulting from the low diversity of predators, should favor specific antipredator strategies. Finally, when predation is unimportant, selection for antipredation adaptations should be weak. This situation appears to be characteristic
